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[57] ABSTRACT

A system and method are disclosed for measuring me-
dium range distances, of about 1-10 meters, to a target.
A transmission signal is reflected off the target, with the
phase difference between the transmitted and received
signals taken as an indication of the target distance. The
transmitter and receiver are part of a phase-locked loop,
with a VCO adjusting the transmission frequency until
a predetermined transmission-reception phase differ-
ence 1s reached. A coarse distance measurement is first
obtained by comparing the transmitted signal with the
received signal, followed by a fine distance measure-
ment in which a multiple of the transmission signal
frequency is compared with the received signal. The
frequency multiplication in the preferred embodiment is
obtained by dividing the VCO output frequency to
obtain the transmission frequency. The transmission
signal is initially set at a low frequency prior to the
coarse adjustment to avoid phase ambiguities. Numer-
ous different types of transmission signals can be used,

although optical signals are preferred. The invention is
particularly adapted for robotics applications.

24 Claims, 2 Drawing Sheets
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MEDIUM DISTANCE MEASUREMENT SYSTEM
AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to distance and methods, and
more particularly to systems and methods in which a
signal transmitted to the target is compared with a sig-
nal reflected back from the target to determine the
round trip distance, and thereby the distance to the
target.

2. Description of the Prior Art

Numerous systems are available for accurately mea-
suring long distances. For example, precise long dis-
tance measurements can be obtained by transmitting a
radar signal to a target and observing the signal transit
time, either one-way or round trip. Similarly, a variety
of sensors are available for obtaining accurate measure-
ments of short distances. However, it is difficult to
accurately measure medium distances in the range of
about 1-10 meters. Fast response, non-contact medium
distance measurement systems are desirable for various
- applications, such as robotics control, manufacturing
and testing.

One of the problems with non-contact measurement
systems in the medium distance range is that it is diffi-
cult fo accurately measure the signal transit time from a
reference source of electromagnetic radiation to a tar-
get. Electromagnetic radiation can normally complete a

round trip to a medium distance target within an.

elapsed time in the nanoseconds regime. It is very diffi-
cult to accurately measure such minute time spans.

SUMMARY OF THE INVENTION

In view of the above problems associated with the
prior art, it is an object of the present invention to pro-
vide a novel and improved system and method for non-
‘contact measurement of medium range distances to a
target of about 1-10 meters with a high degree of accu-
racy and reliability. |

Another object is the provision of such a system and
method which measures the transit time to a target with
approximately picosecond accuracy, but without actu-
ally measuring to picoseconds.

An additional object is the provision of such a system
and method which is highly responsive to changes in
the target distance and yet avoids the use of very high
transmitting frequencies, which are difficult to work
with. |

These and other objects of the invention are achieved
In a system which includes means for transmitting a
periodic transmission signal toward a target, and means
for receiving at least a portion of the signal reflected
back from the target. The transmitted and received
signals are compared to determine the phase difference
therebetween, and by means of a feedback loop causes
the frequency of the transmitted signal to be adjusted
until a predetermined phase difference between the
signals applied to the signal comparing means is
reached. This phase difference corresponds to a coarse
distance measurement. After the coarse distance mea-
surement has been achieved, a signal having a fre-
quency which is a predetermined multiple greater than
the transmission signal frequency is applied to the signal
comparison means for comparison with the received
signal. This enables a frequency adjustment means in
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the feedback loop to adjust the frequency of the trans-
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mission signal until a predetermined phase difference
between the frequency multiplied signal and the re-
cetved signal, corresponding to a fine distance measure-
ment, 1s reached. An output means is provided to indi-
cate the target distance corresponding to the adjusted
transmission signal frequency. The use of a multiplied
frequency yields a more accurate distance measurement
than would be attainable with the transmission signal
frequency, while limiting the measurement of errors
that would normally accompany a higher transmission
frequency.

In a preferred embodiment, a low frequency signal is
initially applied to the signal comparison means for
comparison with the reflected signal before the coarse
connection is made. By thus establishing the transmis-
sion signal at an initial relatively low frequency, possi-
ble ambiguities during coarse measurement as to the
transmission signal wavelength, due to the periodic
nature of the signal, are avoided. The low frequency
signal has a wavelength of at least about 4/3 times the
round trip transmission signal distance corresponding to

the longest distance to be measured, and is preferably

provided by a simple ground connection. |

The signal comparison means is preferably a signal
mixer which produces a stable null cutput when the
phase difference between its input signals is
(90° +n360°), where n is an integer. The feedback loop
comprises a phase-locked loop which includes a voltage
controlled oscillator (VCO) connected to the output of
the mixer through a loop filter, and a frequency divider
connected between the output of the VCO and the
signal transmitter. The signal applied to the transmitter
1s compared with the reflected signal for the coarse
adjustment, while the signal at the input to the fre-
quency divider is used for the fine measurement. The
system achieves a highly accurate distance measure-
ment within the medium distance range, with an error
on the order of 0.1%-1%. _

These and other features and objects of the invention
will be apparent to those skilled in the art from the
following detailed description of preferred embodi-
ments, taken together with the accompanying drawings
in which:

DESCRIPTION OF THE DRAWINGS

F1G. 1 1s a block diagram of a distance measurement
system within the scope of the invention;

FIG. 2 is a graph showing the transfer characteristic
of a signal mixer used in the system;

FIGS. 3A and 3B are graphs illustrating the low and
high frequency signals used to obtain coarse and fine
distance measurements, respectively; and

F1G. 4 1s a graph of a signal used to initially set up the
system.

'DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A block diagram of a system constructed in accor-
dance with the present invention is shown in FIG. 1. A
transmitter 2 is used to transmit a signal toward a target
4, the distance to which is to be measured. The transmit-
ted signal is reflected off the target surface and back to
a receiver 6, which produces an output signal over line
8 having the same frequency as the received signal.

The positions of transmitter 2 and received 6 are

‘known, and the distance to target 4 is obtained as a

function of the round trip signal transit time between



4,829,305

3

the transmitter and receiver by way of the target. A
collimated signal path 10, such as would be obtained by
the beam that would be produced by a laser transmitter,
is shown for purposes of illustration, but the transmis-
sion signal could be focused in various ways as desired.
Since a substantial portion of the transmitted signal may
be lost to the receiver because of signal dispersion and-
/or the placement of the receiver relative to the target,
the receiver should be fairly sensitive and should prefer-
ably encompass a fairly wide area. Alternately, a com-
mon transmitter/receiver (transceiver) could be used,
with the transmission signal reflected back from the
target along the same path as its transit to the target.

There 1s a considerable range of selection for the
transmission signal, so long as it is periodic and capable
of being transmitted through the ambient medium to the
target without substantial dissipation. For example,
sonic, ultrasonic or electromagnetic signals such as
radio frequency could be used. However, optical signals
are preferred because, as utilized in the present inven-
tion, they have a frequency which i1s high enough to
produce accurate distance measurements, but low
enough to be easily handled. The term “optical” is used
herein in the broad sense to include not just the visible
portion of the spectrum, but also infrared and ultravio-
let.

The output of receiver 6 is transmitted over line 8 to
a conventional mixer 12, which compares the received
signal with another signal provided to a second mixer
input over line 14. This latter input is derived from the
transmitted signal, and its comparison with the received
signal from line 8 is used to provide an indication of the
signal transit time between the transmitter 2 and re-
cetver 6, and thus the distance to a target.

Mixer 12 produces an output over line 16 which is
connected by means of a feedback loop back to trans-
mitter 2. The feedback loop causes the transmitted sig-
nal frequency to be adjusted until it reaches a predeter-
mined phase difference with respect to the received
signal. The transmission signal frequency at which this
phase difference is reached is then taken as an indication
of the distance to the target.

The response of mixer 12 to its input signals over lines
8 and 14 is illustrated in the graph of FIG. 2. The hori-
zontal axis corresponds to the phase difference between
the two input signals, while the vertical axis indicates
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the magnitude of the mixer output. It can be seen that

the output varies sinusoidally with the input signal
phase difference, a positive peak being established when
the input signals are in phase. The output trace has a
negative slope and is at a null at a 90° phase difference,
and thereafter at intervals of (90° +n360°), where n is an
integer. The mixer output trace has a positive slope and
reaches a null at the mid points between the negative
slope nulls, or at (270° 4-n360°). The action of the feed-
~ back loop is such that stable operating points are estab-
lished at the negative slope nulls (90° +n360%), with the
feedback circuit opposing any tendency of the transmit-
ted signal to stray from the null. At these phase differ-
ences the system is operating with a negative feedback
loop. At the positive slope nulls (270° +n360°), how-
ever, a posttive feedback loop is established and the
system is unstable. Any departure from a positive slope
null is reinforced by the feedback loop until the system
stabilizes at a negative slope null (90°+4n360°). The
system utilizes this mixer characteristic by adjusting the
. transmitted signal frequency until the phase difference

- between the transmitted and received signals stabilizes
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at 90°. Given a fixed phase difference of 90°, the dis-
tance from the transmitter to the target and back to the
in its place is a direct function of the transmission signal
wavelength, which in turn is an inverse function of the
transmission signal frequency. Thus, the distance to the
target can be obtained by sensing the transmission fre-
quency once the phase difference between the transmit-
ted and received signals has stabilized at 90°,

Referring back to FIG. 1. the output of mixer 12 is
applied over line 16 to a loop filter 18 which amplifies
and provides signal shaping to the mixer output signal.
Loop filter 18 furnishes a stable control signal over line
20 to a voltage controtlled oscillator (VCO) 22, with the
filter controlling the bandwidth and damping factor of
the VCO loop. VCO 22 produces an oscillating output
signal over line 24, the frequency of which varies in
response to the magnitude of the input voltage signal
from the loop filter. VCO output line 24 is connected to
a frequency divider circuit 26, which divides the VCO
output frequency by a predetermined amount. Fre-
quency division by a factor of approximately 10 will
produce good results, but there is considerable latitude
in the choice of the amount of frequency reduction. As
explained in further detail below, the frequency of the
signal at the output of frequency divider 26 is low
enough for a coarse distance measurement to be made
without phase ambiguities. The frequency of the VCO
output signal is a multiple of the frequency divider
output signal, and is sufficient to produce a fine distance
measurement after the coarse measurement has been
achieved.

The output of frequency divider 26 is applied over
line 28 to transmitter 2, which produces a transmission
signal having a frequency which is the same as the fre-
quency divider output, or a known multiple thereof.
The frequency divider output is also provided to a fre-
quency counter 30, which detects the divider output
frequency at any given time. The output of the fre-
quency divider 1s delivered to a delay compensation
circuit 32, and from there to a display 34 which indi-
cates the target distance corresponding to the frequency
detected by frequency counter 30.

The operation of the loop thus described provides a
stable frequency output which varies with the distance
from the transmitter 2 and receiver 6 to a target. The
signal at receiver 6 will lag behind the signal at transmit-
ter 2 by an amount which varies with the round trip
distance of the transmitted signal, thus producing a
phase delay between the received and transmitted sig-
nals. This phase differential 1s detected by mixer 12. If it
is less than 90°, mixer 12 produces a positive voltage
output, forcing VCO 22 to a higher frequency output
and thus increasing the frequency of the transmission
signal from transmitter 2. Since this higher frequency
transmission signal still traverses the same distance be-
tween transmitter 2 and receiver 6, the phase difference
between the transmitted and received signals will in-
crease, causing the phase differential presented to mixer
2 to approach more closely to 90°. Mixer 12 will con-
tinue to produce a positive voltage output, but its mag-
nitude will progressively decrease as the frequency
output of VCO 22 increases until a stable operating
point, with a phase differential of 90° applied to the
mixer and a zero volt mixer output, is reached. The
VCO frequency at this point may be taken as an indica-
tion of the target distance. If the initial phase differential
presented to the mixer is within the range 90°-270°, the
mixer produces a negative voltage output which pro-
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gressively reduces the VCO output frequency until a
stable operating point is again reached at 90°,

The function of delay compensator 32 i1s to compen-
sate for the internal time delays of transmitter 2 and
receiver 6, which otherwise would be added to the
transmission signal transit time and produce an errone-
ously large phase differential for mixer 12. The trans-
mitter and receiver time delays are determined by their
bandwidths, and remain substantially constant over a
range of VCO output frequencies. With typical trans-
mitter and receiver bandwidths of about 100 megahertz,
the transmitter and receiver will each add time delays of
about 3-5 nsec. This compares to a propagation speed
for electromagnetic radiation in air of about 3 nsec. per
meter. Thus, for a target distance of 1 meter, corre-
sponding to a round trip between transmitter and re-
ceiver of about 2 meters, the signal transit time in air
will approximately equal the time delays introduced by
the transmitter and receiver. For greater target dis-
tances the transmitter and receiver delays relative to the
signal transit time progressively decrease. Since the
transmitter and receiver delays are known and substan-
tially constant, appropriate compensation to remove
their effect on the final distance determination can be
added at various points in the circuit, with compensa-
tion circuit 32 between frequency counter 30 and dis-
play 34 illustrating one possible location. Alternatively,
the system can initially be calibrated to a known target
distance to eliminate the effects of the transmitter and
received internal delays.

The greatest source of error in the system described
thus far stems from voltage offsets in mixer 12. This
error varies with the frequency of the signal on input
line 14, and in accordance with the invention is greatly
reduced by a two-step measurement technique. Refer-
ring again to FIG. 1, a special coarse/fine measurement
arrangement is provided that mitigates the effect of the
mixer offset voltage and in effect achieves accuracy in
the picosecond regime without actually having to mea-
sure signals of that short duration. To accomplish this
result, the output of frequency divider 26 is connected
over line 36 to a switch terminal 38 for coarse measure-
ment, while the VCO output is applied over line 40 to
another switch terminal 42 for fine measurement. A
third switch terminal 44 is connected to a low fre-
quency signal source 46. A switch lever 48, which is

connected to the mixer input line 14, can be switched to

contact any of terminals 38, 42 or 44 (although the
switch is illustrated as a mechanical device, it could be
implemented electronically).

F1G. 3a illustrates the operation of the system for
coarse and fine distance measurements. This figure illus-
trates the signals applied to the two inputs of mixer 12
- when the switch is set at the coarse terminal 38. In this
tlustration it is assumed that the feedback circuit has
stabilized at a VCO output frequency corresponding to
a 90" phase differential between the two mixer inputs.
The effects of the transmitter and receiver time delays
are ignored, since they can be eliminated anyway in the
final distance measurement. The vertical axis indicates
the magnitude of the signal at transmitter 2, which is
assumed to be equal to the signal at coarse switch termi-
nal 38. The signal at this point is illustrated as being at
a peak. The horizontal axis corresponds to distance
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transmitter and receiver signals, point 50 represents the
signal at the receiver 6, which is assumed to be equal to
the signal on mixer input line 8. Since the transmission
frequency is known, the distance from the transmitter to
the target and back to the receiver can easily be calcu-
lated as one-fourth the transmission signal wavelength,
and from this a coarse indication of the target distance
1s obtained.

Referring now to FIG. 35, the VCO output signal
presented to fine switch terminal 42 is illustrated. This
signal has a frequency which is a predetermined multi-

ple of the transmission signal frequency, as determined

by frequency divider 26. As mentioned, the major
source of error in the loop stems from an inherent volt-
age offset within mixer 12, and this error varies approxi-
mately inversely with the frequency of the signal ap-
plied to the mixer. In accordance with the invention, a
fine distance measurement is obtained by applying to
the mixer a periodic signal having a frequency which is
greater than the transmission signal frequency by a
predetermined multiple. This VCO signal output is

-illustrated in FIG. 3b. It is shown as having a frequency

approximately 9 times greater than the frequency of the
transmission signal illustrated in FIG. 34, although this
multiple could be varied.

Switch lever 48 1s moved from coarse terminal 38 to
fine terminal 42 when the loop has settled at a coarse

- frequency level. When the switch lever is first moved to
- the fine switch terminal, the VCO signal at that terminal
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along the transmission signal path. The magnitude of 65

the sinusoidal transmission signal decreases from a peak
at the transmitter until it reaches zero at point 50. Since
the loop stabilizes with a 90° phase shift between the

will typically not be exactly 90° out of phase with the
other mixer input signal over line 8. In the illustration of
FI1G. 3b, this initial phase differential at point 52 is be-
tween 0° and 90°, with a 0° reference taken at the begin-
ning of each cycle. In this situation, a positive voltage
signal will be applied to the VCO, causing it to increase
its output frequency slightly until a stable loop is re-
stored. Since the accuracy of the mixer, and thereby the
accuracy of the entire measurement system, varies posi-
tively with the frequency of the transmission signal
applied to the mixer, using a multiple of the transmission
frequency increases the overall system accuracy ac-
cordingly. |

It may be asked why a coarse adjustment is used at
all, since it is only an intermediate step in the final dis-
tance measurement. The answer may be obtained from
a study of FIG. 3b. Although the higher signal fre-
quency vields a greater accuracy, it can be seen that the
VCO output signal undergoes several cycles between
the VCO and receiver. If the system were initiated in
the fine measurement mode, there would be an ambigu-
ity as to which of the cycles represented the actual
stabilization point. Since stable operating points are
established at 90° phase differentials in each of the other
cycles, including cycles beyond the receiver, it would
be possible for the system to settle at an erroneous fre-
quency corresponding to one of these other 90° phase
differentials. The recognition and solution of this prob-
lem forms an important part of the present invention.
The function of the coarse adjustment is to set the VCO
output frequency at a level such that the frequency
divided transmission signal causes the system to lock
onto the correct VCO output cycle when the system is
switched to fine adjustment. During fine adjustment the
higher frequency applied to the mixer is then used to
reduce the initial coarse measurement error.

Although used for coarse measurement, the transmis-
sion signal is also periodic and exhibits repeated 90°
phase points. To prevent the system from locking onto
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the wrong cycle of the transmission signal during coarse
measurement, the VCO is initially set at a relatively low

frequency such that the first stable operating point
reached during coarse adjustment corresponds to the

fundamental quarter wavelength differential between
the transmitted and received signals illustrated in FIG.
3a. If the initial VCO frequency is too high, the system
can initially lock into a higher order phase differential
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equal to 90° +n360°, where n is an integer greater than -

1 or equal to 1. To prevent this, the switch lever 48 in
FIG. 1is set on low frequency terminal 44 before enter-
ing the coarse adjustment mode. Low frequency signal
generator 46, which in its least complicated implemen-
tation is a simple ground connection, provides a low
frequency starting point for the VCO such that its first
stable operating point encountered during coarse ad-
justment is a true quarter wavelength phase differential.
Although a simple ground connection is preferred, low
frequency signal generator 46 can generate any DC
signal or an AC signal having a sufficiently low fre-
quency. As illustrated in FIG. 4, the low frequency
signal can produce a phase differential of up to 270° at
the mixer inputs and still assure a true quarter wave-
length differential during coarse adjustment. If the ini-
tial phase differential is in the range 90°-270°, a negative
mixer output is produced that causes the VCO output
frequency to drop until the stable quarter wavelength
operating point is reached. To assure a sufficiently low
initial frequency over the entire distance measurement
range, the signal produced by low {requency generator
46 should have a wavelength which is at least 4/3 times
the round trip distance between the transmitter 2 and
receiver 6, corresponding to a maximum phase differen-
tial of 270° applied to the mixer. |
The above system avoids the need for very complex
signal handling circuitry, and yet achieves highly accu-
rate measurements, with an error factor of about
0.1%-1%, for target distances in the range of about
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1-10 meters. It involves a low bandwidth, high resolu- 44

tion feedback loop and VCO frequencies in the order of
roughly 3-30 megahertz for optical transmissions
through air. Relatively uncomplicated circuitry can be

designed to handle this frequency range. The signal

transit time between transmitter and receiver is typi-
cally in the order of roughly 10-100 nsec., yet accura-
cies normally associated with the picosecond regime are
achieved. While particular embodiments of the inven-
tion have been shown and described, numerous varia-
tions and alternate embodiments will occur to those
skilled in the art. Accordingly, it is intended that the
invention be limited only in terms of the appended
claims.
I claim:
1. A system for measuring medium range distances
(of about 1-10 meters) to a target, comprising:
means for transmitting a periodic transmission signal
‘having an initially predetermined frequency
toward a target,
means for receiving at least a portion of the signal
reflected from the target,
means for comparing the transmitted and received
signals to determine the phase difference therebe-
tween,
means for adjusting the frequency of the transmitted
signal until a predetermined phase difference be-
tween the signals applied to the signal comparing
means is reached, the adjusted initially predeter-
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mined transmission signal frequency corresponding
to a coarse distance measurement,

means for applying a signal having a frequency
greater than the adjusted transmitted signal fre-

quency by a predetermined frequency multiple to
the signal comparing means for comparison with
the received adjusted signal after the coarse dis-
tance measurement has been achieved, thereby
enabling the frequency adjusting means to adjust
further the frequency of the adjusted transmitted
signal until a predetermined phase difference be-
tween the frequency multiplied signal and the re-
ceived signal is reached, the further adjusted trans-
mission signal frequency corresponding to a fine
distance measurement, and
output means for indicating the target distance corre-
sponding to the further adjusted transmission signal
frequency. |
2. The distance measuring system of claim 1, further
comprises means for setting the transmission signal at an
initially predetermined frequency which is low enough
so that the predetermined phase difference reached
during coarse adjustment is a fundamental phase differ-
ence.

3. The distance measuring system of claim 1, the
signal comparing means comprising a mixer adapted to
produce a null output when the phase difference be-
tween its input signals s (90°+n360%), where n 15 a
integer.

4. The distance measuring system of claim 3, further
comprising means for setting the initially predetermined
transmission signal at a wavelength which 1s at least
about 4/3 times the round trip distance between the
transmitting and receiving means, and thereby avoiding
ambiguities in the transmitted signal wavelength pres-
ented to the comparing means.

5. The distance measuring system of claim 4, wherein
the initial signal applied to the signal comparing means
is furnished by a ground connection.

6. The distance measuring system of claim 1, the
transmitting and receiving means adding respective
time delays to the transmitted and received signals, the
system further comprising means to compensate for said
time delays so that the output means indicates a target
distance based substantially only upon the transmitted
signal transit time between the transmitting and receiv-
ing means.

7. The distance measuring system of claim 1, wherein
the transmission signal comprises electromagnetic radi-
ation.

8. The distance measuring system of claim 7, wherein

the transmission signal comprises optical radiation.

9. A system for measuring medium range distances
(of about 1-10 meters) to a target, comprising:

a single voltage controlled oscillator (VCO),

a frequency divider connected to divide the VCO
output by a predetermined amount,

‘means for transmitting toward a target a periodic
transmission signal having a frequency correspond-
ing to the output frequency of the frequency di-
vider,

means for receiving at least a portion of the signal
reflected from the target,

a mixer having a coarse connection to compare the
transmitted and reflected signals to determine the
phase difference therebetween, and a fine connec-
tion to compare the VCO output and reflected
signals to determine the phase difference therebe-
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tween, the mixer producing a null output when the
phase difference between its inputs is (90° +n360°),
where n 1s an integer,

- means connected to present the mixer output as a
voltage control input to the VCO, the VCO adjust-
ing its output to a frequency at which the mixer
output is at a null, |

means for switching the mixer from its coarse con-

nection to its fine connection when an initial mixer
null been reached with the coarse connection,
thereby enabling a fine adjustment of the VCO
output frequency, and |

output means for indicating the target distance corre-

sponding to the VCO output frequency.

10. The distance measuring system of claim 9, further
comprising means for initially applying to the mixer a
relatively low frequency signal for.comparison with the
reflected signal, before the coarse connection, and
thereby avoiding ambiguities in the determination of the
transmitted signal wavelength presented to the mixer
during the coarse connection.

11. The distance measuring system of claim 10,
wherein the relatively low frequency signal is furnished
by a ground connection.

12. The distance measurlng system of claim 9, the
transmitting and receiving means adding respective
time delays to the transmitted and received signals, the
output means including means to compensate for the
effect of said delays on the distance indication.

13. The distance measuring system of claim 9, the
output means comprising means connected to detect the
output frequency of the frequency divider, and a dis-
play means adapted to display the output of the fre-
quency detection means as a distance measurement.

14. The distance measuring system. of claim 9,
wherein. the transmission signal comprises electromag-
netic radiation.

15. The distance measuring system of claim 14,
wherein the tra.nsmlssmn signal comprises optical radia-
tion.

16. A system for measuring medium range distance

(of about 1-10 meters) to a target, comprising:

means for transmitting a periodic transmission signal
having an 1n1t1ally predetermined frequency
toward a target, |

means for receiving at least a portion of the signal
reflected from the target,

a signal comparison means connected to compare the
transmitted and received signals and to produce an
output indicative of the phase difference therebe-
tween,

a feedback circuit connecting the output of the signal
comparison means with the transmitting means,
sald feedback circuit adjusting the frequency of the
fransmission signal toward a stable comparison
means output, the transmitted initially predeter-

‘mined signal frequency being adjusted to a level
corresponding to a coarse distance measurement

3

10

15

20

25

30

35

45

50

335

when the transmitted and received signals are com-

pared, |

means for obtaining a frequency multiplied signal
having a frequency which is a fixed, greater than
unity multiple of the adjusted transmission signal

~ frequency,

means for applying said frequency multiplied ad-
justed signal to the signal comparison means for
comparison with the received signal after the
coarse transmission signal frequency has been es-
tablished, said feedback circuit further adjusting

63

10

the adjusted transmitted signal frequency to a level
corresponding to a fine distance measurement in
response to the signal comparison means output,
and
output means connected to indicate the target dis-
tance corresponding to the finely adjusted trans-
mission signal frequency |
17. The distance measuring system of claim 16, the
signal comparison means producing stable outputs cor-
responding to a series of periodically recurring phase
differentials between its inputs, further comprising

‘means for initially applying to the signal comparison
- means, for comparison with the received signal, a signal

having a wavelength within the stability range of the
first such periodic phase differential which corresponds
to a maximum coarse distance measurement, and
thereby avoiding period ambiguities in the relative pha-
ses of the signals presented to the comparison.

18. The distance measuring system of claim 16,
wherein the initial signal applied to the signal compar-
ing means in a DC signal.

19. A method for measuring medium range distances
(of about 1-10 meters) to a target, comprising the steps
of:

transmitting a penodlc transmission signal having a

predetermined initial frequency toward a target,
receiving at least a portion of the signal reflected
- from the target,

determining the phase difference between the trans-

mitted and reflected signals,

adjusting the frequency of the transmitted signal until

a predetermined phase difference corresponding to
a coarse distance measurement is reached between
the transmitted and received signals, |

generating a frequency multiplied signal having a

frequency greater than the adjusted transmission

" signal frequency by a predetermined multiple, after
said adjusted transmission signal frequency has
been determined,

adjusting the frequency of the transmitted signal after
- the coarse adjustment until a predetermined phase

difference corresponding to a fine distance mea-
surement 1s reached between the frequency multi-
plied and received signals, and

indicating the target distance corresponding to the

finely adjusted transmission signal.

20. The method of claim 19, further comprising the

‘step of initially setting the transmission signal prior to

coarse adjustment at a frequency such that its wave-
length is at least as great as the difference between the
maximum transmission signal round trip distance and
said predetermined phase difference applied to said
maximum distance, whereby the transmitted signal fre-
quency i1s adjusted from the initial signal frequency
during coarse adjustment without encountering phase
ambiguities.

21. The method of claim 20, wherein the initial trans-
mission signal is furnished by a ground connection.

22. The method of claim 19, wherein the periodic
signal 1s transmitted and received by means which add
time delays to the signal, further comprising the step of
compensating for said time delays so that the indicated
target distance corresponds substantially only to the
signal transit time between transmission and reception.

23. The method of claim 19, wherein the transmitted
signal comprises electromagnetic radiation.

24. The method of claim 23, wherein the transmitted

signal comprises optical radiation.
kX ok k% ¥
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